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etformin may have beneficial effects on cardiovascular outcomes because of its actions as an insulin sensitizer. [1] [2] [3] [4] Insulin sensitizers act by decreasing endogenous and exogenous insulin requirements and have other potentially beneficial effects on the cardiovascular system. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] We hypothesized that diabetic patients enrolled in the Prevention of Restenosis with Tranilast and its Outcomes (PRESTO) Trial and treated with metformin would demonstrate a lower adverse event rate than diabetic patients treated with non-insulin-sensitizing medications.
METHODS
The PRESTO Trial was the largest randomized interventional trial performed, with extensive patient follow-up. A retrospective review of the 11,484 patients in the PRESTO study was performed to identify all patients with diabetes. A diabetic patient was defined as any patient with diabetes listed as a concurrent medical illness or who was currently receiving medical therapy for diabetes at the time of study enrollment. Medical therapy for diabetes included treatment with any combination of sulfonylureas, biguanides, thiazolidinediones, or insulin. The database was unable to differentiate patients with type 1 diabetes from those with type 2 diabetes. A total of 2,772 patients (25%) with diabetes were identified. Patients were stratified according to the diabetes-treatment regimen: (1) non-insulin-sensitizing therapy (1,110 patients), which included any combination of sulfonylureas and insulin; (2) metformin therapy (887 patients), which consisted of metformin with or without adjunctive medical therapy at any time during the study period; and (3) no medical therapy for diabetes (663 patients) or treatment with thiazolidinediones alone (112 patients). Patients without medical therapy for diabetes were excluded because the aim of the study was to compare the role of medical treatment for diabetes on cardiovascular outcomes. In addition, patients in the PRESTO Trail treated with thiazolidinediones on study entry were required to discontinue this medication for the duration of the study due to potential adverse interactions with tranilast. The residual study population consisted of 1,997 patients.
The primary study end point was the rate of major adverse cardiac events, comprised of the composite incidence of myocardial infarction (MI), death, and ischemia-driven target vessel revascularization (TVR). Secondary end points were incidences of death, MI, and ischemia-driven TVR.
Unadjusted associations between diabetes treatment groups and various demographic variables, medical history variables, and procedural characteristics were examined. No distinctions were made based on tranilast therapy in the grouping of patients because of the absence of drug effect on the incidence of major adverse cardiac events in the overall trial. A separate analysis was performed to confirm no interaction between metformin and tranilast (p ϭ 0.16). To determine whether a categorical variable was related to the diabetes group, chi-square tests of independence were used. For quantitative variables such as age or ejection fraction, 2-sample t tests were used. Unadjusted associations between diabetes treatment group and clinical events, including death, MI, ischemia-driven TVR, and the combination of these are also presented, as are p values based on chi-square tests. For patients with multiple lesions treated with percutaneous coronary intervention, the analysis was restricted to the lesion treated that had the most severe stenosis at baseline.
Logistic regression was used to obtain odds ratios (ORs) (metformin vs nonsensitizer therapy) of the primary end point as a function of diabetes treatment group. Unadjusted models and models including age, gender, study center, percent stenosis after percutaneous coronary intervention, and tranilast treatment group are presented. In addition, a stepwise search through baseline characteristics was performed, allowing those significant at the 0.05 level to enter the model. Similar models were constructed for ischemia-driven TVR only, MI only, and death. A secondary analysis considered time to incident clinical event as a function of diabetes treatment group. KaplanMeier curves were used to illustrate the unadjusted relation. In addition, Cox's proportional hazards model was used to adjust for other covariates. For angiographic substudy participants undergoing protocol-driven, 9-month follow-up angiography, we compared the diabetes treatment groups with respect to angiographic restenosis features: minimal lumen diameter (MLD) and late loss (MLD at follow-up vs MLD immediately after percutaneous coronary intervention). Comparisons for MLD and late loss involved a model using analysis of covariance with adjustment for baseline (postprocedure) MLD and diabetes group.
RESULTS
Baseline characteristics (Table 1) show that patients in the sensitizer group tended to be younger and were more likely to receive additional medications, such as statins, nonsteroidal anti-inflammatory drugs, and periprocedural glycoprotein IIb/IIIa inhibitors than were conventionally treated patients. Patients treated with metformin also tended to have a higher incidence of comorbid conditions; they tended to be heavier, have higher incidences of previously documented coronary heart disease, and smaller baseline ejection fractions. Patients receiving metformin therapy tended to have more type A (16% vs 12%) and fewer type B-2 lesions (34% vs 40%) than those treated with nonsensitizer therapy, and the lesions in patients receiving metformin were less frequently calcified (17% vs 21%, p ϭ 0.05), tortuous (7% vs 10%, p ϭ 0.008), eccentric (45% vs 50%, p ϭ 0.046), and had fewer total occlusions (6% vs 9% p ϭ 0.026). The number of diseased vessels per patient, before and after Thrombolysis In Myocardial Infarction flow, number of lesions per patient, and vessel type intervened on did not differ between the 2 groups (p ϭ NS, data not shown).
The unadjusted incidence of primary and secondary end points at the 9-month follow-up showed significantly higher incidences of death (3% vs 1%, p ϭ 0.006) and MI (3% vs 1%, p ϭ 0.013) in the nonsensitizer therapy group than in the metformin group, with a trend toward a higher incidence of the primary end point (24% vs 21%, p ϭ 0.07). Ischemia-driven TVR did not differ between groups (22% vs 20%, p ϭ 0.41). The p values represent interactions between the nonsensitizer and metformin groups. Dyslipidemia is defined as low-density lipoprotein Ͼ130 mg/dl and/or treatment for hypercholesterolemia.
Logistic regression analysis, after adjusting for baseline differences, showed significant differences in the incidence of the primary end point, which was significantly lower in the metformin group than in the nonsensitizer group (OR 0.72, 95% confidence interval [CI] 0.57 to 0.91, p ϭ 0.005; Table 2 ). A KaplanMeier survival curve showed increased survival rate in the metformin group compared with the nonsensitizer group (Figure 1) . Analysis of the secondary end points using the same adjusted logistic regression models indicated that most of the benefit seen in the metformin group was derived from decreased rates of death (OR 0.39, 95% CI 0.19 to 0.77, p ϭ 0.007) and MI (OR 0.31, 95% CI 0.15 to 0.66, p ϭ 0.002) and not of ischemia-driven TVR. Ischemia-driven TVR was similar in the nonsensitizer and the metformin groups (22% and 20%, respectively). Because only 703 of the 887 patients in the metformin group continued to receive metformin after coronary intervention, a separate analysis of end points using the smaller number was performed, which showed consistent benefits in the metformin group.
Diabetic patients in the prespecified 9-month angiographic follow-up study were analyzed according to treatment regimen. This analysis demonstrated similar values of MLD (2.67 Ϯ 0.66 vs 2.59 Ϯ 0.63, p ϭ 0.25) and late loss (1.08 Ϯ 0.81 vs 1.01 Ϯ 0.82, p ϭ 0.45) in the metformin group and nonsensitizer groups, respectively. Analysis of glucose measurements during follow-up visits was performed. There were statistically higher (p Ͻ0.05) glucose levels in metformin-treated patients at baseline before percutaneous intervention and through weeks 1 to 10, with convergence at week 12 and the 9-month follow-up (p Ͼ0.05). Glucose levels were forced into the logistic regression models for any clinical event and each component to determine whether the metformin association was the result of confounding by glucose. Blood glucose levels were not significant in these models and had no effect on the odds ratios and no significance for the metformin effect.
DISCUSSION
The current analysis assessed whether diabetic patients undergoing percutaneous interventions treated with metformin during the study period had fewer adverse events than diabetic patients treated with sulfonylureas and insulin. The PRESTO study was the largest prospective trial of coronary intervention, the results of which have recently been published. 17 In this trial, approximately 25% of the patients (2,772) enrolled had diabetes. Diabetics, as expected, fared worse with regard to the incidence of the combined end point of death, MI, and ischemia-driven TVR than did the nondiabetic PRESTO population (21% vs 13%, p Ͻ0.001). The patient frequencies of MI, death, and ischemia-driven TVR showed similar results. The database was unable to distinguish patients with type 1 diabetes from those with type 2 diabetes. Because the vast majority (Ͼ90%) of diabetic patients in the United States have type 2 diabetes, this distinction was unlikely to affect the outcome of our analysis. When adjusted for differences in baseline characteristics, diabetics treated with metformin had markedly improved outcomes in the primary end point of combined death, MI, and ischemia-driven TVR and in the secondary end points of death alone and MI alone. Analysis of the 2 groups after adjusting for baseline differences and medical treatments showed persistent benefits in the metformin-treated group compared with the nonsensitizer-treated group.
The benefit seen in the metformin group was derived from decreased rates of MI and death and not of ischemia-driven TVR. There was no difference in clinical restenosis, and diabetics in the angiographic subset showed no differences in MLD or late loss between groups. This result suggests the mechanism of action of metformin is not due to an inhibition of intimal hyperplasia but rather to other mechanisms, such as modulation of endothelial function, lipid levels, plasminogen activator inhibitor-1 levels, or platelet reactivity. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] We are unable to comment on the potential effects of thiazolidinediones on clinical outcomes compared with nonsensitizer therapy because this medication was not allowed due to potential drug interactions with tranilast. Analysis of our data, excluding insulin-dependent diabetics, showed preserved benefit with respect to MI and a continued trend toward benefit with respect to death (data not shown) in diabetic patients treated with metformin. Baseline clinical and angiographic characteristics showed some differences between groups; however, modeling our analysis to adjust for these discrepancies did not alter the significance of metformin treatment. The degree of glycemic control, based on random glucose measurements during follow-up before and after the procedure, with respect to random glucose levels was less in the nonsensitizer group than in the sensitizer group at all time points, except at the 12-week and 9-month follow-up, when the 2 values converged, arguing against glycemic control as a factor in the beneficial outcomes seen with metformin treatment. Glycosylated hemoglobin levels were not recorded as part of the PRESTO Trial and thus were not analyzed in this study.
Conclusions and study limitations: Metformin treatment is associated with decreased rates of death and MI in diabetic patients undergoing percutaneous coronary intervention and does not appear to affect ischemia-driven TVR. This is a large but nonrandomized, retrospective subgroup analysis. Although differences in baseline characteristics have been accounted for statistically, confounding effects are possible. Due to the nature of the primary study, we are unable to comment on the duration or type of diabetes, HgA1C levels, or patient cross over. Despite these limitations, this study provides insight into the potential role of metformin therapy in diabetic patients because it is based on a large, well-characterized, and prospectively followed group of patients. To date and to our knowledge, there have been no prospective randomized trials or retrospective subgroup analyses in the English-language literature examining this question.
